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About the MHational Bolence and Teohnology Council

The National Science and Technology Council (NSTC) is the principal means by which the
Executive Branch coordinates science and technology policy across the diverse entities that
make up the Federal research and development enterprise. A primary objective of the NSTC is
to ensure science and technology policy decisions and programs are consistent with the
President's stated goals. The NSTC prepares research and development strategies that are
coordinated across Federal agencies aimed at accomplishing multiple national goals. The work
of the NSTC is organized under committees that oversee subcommittees and working groups
focused on different aspects of science and technology. More information is available at
http:/ /www whitehouse gov/ostp/nstc.

About the Office of Science and Techneology Pelioy

The Office of Science and Technology Policy (OSTP) was established by the National Science
and Technology Policy, Organization, and Priorities Act of 1976 to provide the President and
others within the Executive Office of the President with advice on the scientific, engineering,
and technological aspects of the economy, national security, homeland security, health, foreign
relations, the environment, and the technological recovery and use of resources, among other
topics. OSTP leads interagency science and technology policy coordination efforts, assists the
Office of Management and Budget with an annual review and analysis of Federal research and
development in budgets, and serves as a source of scientific and technological analysis and
judgment for the President with respect to major policies, plans, and programs of the Federal
Government. More information is available at ity //www owhitehouse gov/osip

About the Interagenoy Working Group on Open Soisnos

The Interagency Working Group on Open Science (IWGOS) advances Federal efforts to support
open science by increasing access to and use of the results of federally-funded research and
development, including but not limited to scholarly publications and digital data. Among its
responsibilities, the IWGOS aims to improve implementation of policies to increase access to
the results of federally-funded scientific research and to identify additional steps that Federal
departments and agencies can take to enhance the preservation, discoverability, accessibility,
quality, and utility of the outputs of federally-funded scientific research.!

Copyvright Information

This document is a work of the United States Government and is in the public domain (see 17
U.S.C. §105). Subject to the stipulations below, it may be distributed and copied with
acknowledgement to OSTP. Copyrights to graphics included in this document are reserved by
the original copyright holders or their assignees and are used here under the government’s
license and by permission. Requests to use any images must be made to the provider identified
in the image credits or to OSTP if no provider is identified.
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! See hitps:/fwww. whitehouse gov/sites/whitehouse, gov/files/ostp TWGOS Charter.pdf
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Execublive Summary

Open science is the principle and practice of making the results of scientific research available,
accessible, and usable. By removing barriers to the access and use of scientific information,
open science can accelerate scientific progress, improve research rigor and reproducibility,
spur innovation, and strengthen the economy, increasing the return on investments in research
and development.

In recent years, Federal departments and agencies have made considerable progress in
advancing open science through policies to increase public access to scientific publications and
digital data resulting from federally-funded research. This work has highlighted two key
lessons that can apply more generally to efforts to advance open science: First, implementation
needs to be tailored to the specific missions, organizations, and fields of science that individual
agencies support. While agencies can pursue common objectives, the specific ways they achieve
them may differ. Second, interagency cooperation can significantly improve the efficiency and
effectiveness of open science implementation, through the sharing of knowledge,
infrastructure, best practices, solutions to common challenges, and more.

This report was prepared by the Interagency Working Group on Open Science (IWGOS), which
was established to advance Federal efforts to support open science by increasing access to, and
use of the results of, federally-funded research and development, including but not limited to
scholarly publications and digital data.

The IWGOS identified several opportunities for advancing open science, taking into account
agency missions, operational contexts, and resources. These include:

1. Increasing the availability and timeliness of narrative research products;

2. Improving the availability and timeliness of access to scientific data;

3. Increasing access to other products resulting from federally-funded research, such as
software and scientific collections;

4. Improving systems for making research products public and more usable;

5. Lowering barriers to effective use of open science content; and

6. Developing better metrics for measuring advances in open science and its impacts.

To realize the benefits of open science, the IWGOS recommends that Federal agencies take
steps to incentivize open science; facilitate interagency development of best practices,
guidance, and standards for open science, with a focus on data access; and promote interagency
and public-private collaborations to further realize the benefits of open science. Such
collaboration would include partnerships with other Federal working groups; public, nonprofit,
and academic partners; and international partners, many of which are also pursuing the
objective of advancing open science.
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I. Introduction

Open science is the principle and practice that makes the results of scientific research available,
accessible, and usable. It accelerates progress in science, improves research rigor and
reproducibility, spurs innovation, and strengthens the economy. By making the results of
scientific research accessible to the largest possible audience - other scientists, business
innovators, entrepreneurs, students, and American citizens - open science can boost the
returns from Federal investments in research and development (R&D). It can drive advances in
areas as diverse as agriculture, energy, health, and national security, and catalyze innovation
that drives economic growth and prosperity.

The goals of open science are reflected in the public access plans developed by federal
agencies.? Open science is essential to achieving the compelling R&D priorities outlined by the
Director of the Office of Management and Budget, Mick Mulvaney, and Deputy Assistant to the
President, Office of Science and Technology Policy, Michael Kratsios, in the M-17-30
Memorandum entitled “FY 2019 Administration Research and Development Budget Priorities.”
Specifically, open science can further administration priorities by advancing American Security,
American Prosperity, American Energy Dominance, and American Health. 3

Accelerating dissemination of research results advances knowledge and leads to broader
application of American scientific contributions. Fundamentally, communicating research
results is central to scientific progress, allowing others to test the validity of findings and to
build upon these results. Open science allows research to be more easily applied to a range of
national priorities, including:

e Protecting American interests. Making federally-supported science more open and
accessible helps to establish American leadership in scientific research and in areas
such as international data standards, which can directly impact American scientific and
economic interests.

e Advancing American health. Making medical research accessible in real time improves
patient diagnoses and treatment. Six out of ten physicians report having changed an
initial diagnosis based on new information accessed via online resources/support tools.
Nearly nine in ten physicians feel that improved access to online medical information
and resources has improved the quality of care at their practices.*

e Protecting American security. The Departments of Defense (DOD) and Homeland
Security (DHS) maintain robust research portfolios to keep Americans safe, both at
home and abroad. Public access to the unclassified results of this research helps to
encourage and focus innovation on technologies that, in time, will become integral to
our nation’s security.

2 Bipe/fwww seience sovipublicAcoess himd

* OMB Memorandum M-17-30, F¥ 218 ddministration Research and Develnmment Budeet Friorities {Aug. 17,
_________________ sites/whitchouse sov/iles/omb/memeranda/2 01 71730 pidf
4 Wolters Bhrwer Health 201 1 Point-of-Care Survey, 2011, [UPDATE REFERENCE]
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e Fnsuring American energy dominance. Making the latest scientific evidence available to
private sector energy pioneers helps bring Department of Energy (DOE) research to the
market faster. For example, through the Gateway for Accelerated Innovation in Nuclear,
DOE makes information, data, and R&D infrastructure available to public and private
sector stakeholders to speed the development of innovative nuclear energy
technologies toward commercial readiness.

e [ncreasing government accountability and efficiency. Making the results of federally-
funded research easily available to researchers avoids unnecessary duplication of
research, facilitates measurement of the return-on-investment in research, enables
needed replication of experiments to improve reliability of results, and permits
collected data to be reused for further experimentation and analysis.

o Maximizing interagency coordination. By working together, federal agencies have been
able to improve the efficiency and effectiveness of their public access policies. For
example, eleven agencies use the National Institutes of Health’s (NIH) PubMed Central
(PMC) to provide public access to scholarly publications, and DOE has partnered with
three other agencies further leverage and customize its Public Access Gateway for
Energy and Science (PAGES).

o Supporting Innovative Early Stage Research. Effective management of early stage
research products, including making these products more accessible, has the potential
to increase the pace of scientific discovery, accelerate innovation, and promote more
efficient and effective use of government and private-sector funding and resources.

Advancing American prosperity through open science. Open science grows the American
economy and creates American jobs. Science has more impact, and Federal investments yield
better returns, when results are easily accessible and reusable.

e The open flow of ideas, technologies, and people between the U.S. academic sector
(funded by Federal investments) and industry have introduced entirely new categories
of products and services that have ultimately become billion-dollar industries. In the
area of information technology, the “tire tracks diagram”¢ illustrates how companies
that create products using the open ideas that result from federally-sponsored research
“repay the nation in jobs, taxes, productivity increases and world leadership.”

S htips Y zain il gov/SitePages/Home aspx.
¢ Computer Science and Telecommunications Board, National Research Council, Consinuing Innovation in
Infermation Technadogy, National Academies Press, 2016.
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e Sharing data from new technologies in a common format can create a whole new
economic sector. Data from the U.S.-developed Global Positioning System (GPS) provide
positioning, navigation, and timing information to all parts of the economy, and serve as
a time and frequency standard for the world.” Without such a standard, companies
would have to use multiple systems, and the world’s economy would be less efficient.

¢ Forevery $1 invested by the Federal government, the Human Genome Project's open
research data have resulted in the return of $141 to the U.S. economy. Between 1988
and 2010, human genomics generated an economic output of $796 billion, personal
income exceeding $244 billion, and 310,000 jobs.8

e Another example is the U.S. Geological Survey (USGS). The budget for the entire USGS in
fiscal year 2011 was $1.1 billion. Meanwhile, for the same fiscal year, the use of freely
available government satellite imagery from its Landsat satellite missions generated
$2.19 billion in economic activity.?

Barriers to scientific information decrease scientific impact and increase costs. Closed science
can inhibit creative and entrepreneurial reuse of research results, reducing the return on
investment. This is especially true of interdisciplinary research or research that requires
knowledge from beyond a single discipline. Sharing scientific advances broadly across
disciplines can lead to novel applications. For example, image-processing technology first used
to improve images from the Hubble Space Telescope was later used to help advance digital
mammography.10

The United States is particularly well positioned to reap the benefits of open science. While open
science is a global phenomenon,!! the strong connections between American industry,
universities, and government enable the United States to be at the forefront of innovation with
its ability to translate new scientific knowledge into products and services. Open science
strengthens these relationships by providing another channel for industry to access the latest
research findings and data stemming from both, U.S. universities and Federal government
laboratories.

The IWGOS was charged to prepare a report that recommends “additional objectives for
Federal open science policies that further enhance access to a broad range of results of
federally-funded scientific research, consistent with agency capabilities and missions” and

7 1. Leveson, “GiPS Civilian Foonomic Value 1o the 1.5, Report prepared for the National Executive Committee
for Space-Based Positioning, Navigation and Timing, 2015.

¥ Simon Tripp and Martin Greuber, “Egoncnds Impact of the Humas Genome Proiest,” Battelle Memorial Institute,
May 2011. [UPDATE]

° H. Miller, L Richardson, S. Koontz, J. Loomis, L. Koontz, “Users, Lises, and Value of Landsat Sutellin
tragery—HResulis from the 2012 Survey of Hagrs.” ULS. Geological Survey Open-File Report 2013-1269, 2012.

19 Lubkin, G.B. “Astronomical Image Processing May Improve Breast Cancer Diagnostics,” Physics Today, 48(6),
21 (1995).{UPDATE]

! For example, see OECD (2017), "Business models for sustainable research data repositories", OECD Science,
Technology and Industry Policy Papers, No. 47, OECD, Paris. hity//dx doborg/10.1787/30201 2bb-tn. Or for a list
of international funder policies, see hity.//v2. shorpaacukiulicl.
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outlines “effective strategies for improving preservation, discoverability, and accessibility of
scientific data, taking into account the capabilities and activities of Federal departments and
agencies, as well as the private sector.”12

The IWGOS views open science as a principle and practice that can help guide Federal
investment in science. If Federal research results in publications, those publications should be
as easy to access as possible. If the Federal government invests in data production, those data
should be shared as broadly as possible. Investments in openness amplifies the value of
research investment.

The IWGOS recognizes that important practical considerations must inform the degree of
openness for any research product. These include, but may not be limited to: law; agency
mission; resource constraints; U.S. national, homeland, and economic security; research
participant privacy; and proprietary interests. This report provides appropriate next steps the
Federal government can take to further open science, incorporating these important
considerations.

The report is structured as follows:

e Section Il reviews U.S. Federal government activities taken to date to promote access to
the results of federally-funded research and identifies the most important lessons
learned.

e Section Il identifies opportunities for further increasing access to publications and data
resulting from federally-funded research and options for expanding the reach of open
science to include other research products.

e Section IV recommends steps that the Federal Government might consider in pursuit of
the identified opportunities, consistent with agency missions, capabilities, and
resources.

1%, Accompdishments angd Lessons Learnsd

The U.S. government is making considerable progress in increasing public access to scientific
publications and data. As of early 2018, twenty-two Federal departments and agencies
(accounting for 99% of the Federal R&D budget) had completed development of public access
plans for publications and data resulting from funded research.!? The plans describe how
agencies will implement policies to ensure that publications are freely available not more than
12 months after publication and that data management plans are prepared and evaluated for
new research projects. The policies aim to maximize the sharing of data while respecting
privacy, security, and other legal limits. Development of these plans and implementation of
resulting policies was informed by numerous public consultations.

12 National Science and Technology Council, “Charter of the Interagency Working Group on Open Science,”
October 2016. See hitps: /www whitchouse govisites/swhtichouse, gov/fles/osp/TWGEOS Charnerpdf
13 See department and agency public access plans at https://www.science. gov/publicAccess.html 2017
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The benefits associated with public access policies are already coming to fruition. As of early
2018, agency systems were making more than 4.7 million research articles and 200,000 agency
data sets publicly available, including research data that are available on Data.gov.* Millions of
Americans were making use of these resources every day.

In addition, federal agencies continue to improve upon their public access efforts. The DOE, for
example, added scientific software to its public access efforts with the November 2017
researchers and scientific software developers to share scientific software and for the
public to discover DOE-funded code. The alpha release contained roughly 700 open source
software projects, a volume which is expected to increase significantly over the next 12
months. The U.S. Geological Survey put in place a process for certifying USGS Public Access
data servers as Trusted Digital Repositories for data, and three USGS repositories have
been so certified. Additional USGS systems providing public access to scholarly publications
and data have initiated or are exploring the possibility of TDR certification under this
process. The NIH launched in autumn 2017 its Data Commons Pilot Phase, an initiative to
test the feasibility of, and develop best practices for, making NIH-funded data sets and
computational tools available through communal, collaborative platforms on public clouds.
The Data Commons Pilot Phase made nine awards using a special type of funding
mechanisms.

Federal agencies continue to gain considerable experience through the development and
implementation of their public access plans - lessons that inform future Federal efforts to
advance open science. Two of these experiences transcend efforts to increase access to both
publications and data:

¢ Agencies need flexibility in implementing policy solutions. Flexibility is necessary
because of differences in agency missions, capabilities, and authorities, as well as the
mechanisms they use to support R&D, the balance of intramural versus extramural
research, and the different types of publications and data that result from their funded
research. While they can adhere to common principles, they should also be able to tailor
the specific details of implementation in a way that is relevant to their agencies.

¢ Interagency cooperation has broadened the understanding of the challenges involved in
developing public access policies and continues to improve the efficiency and
effectiveness of public access implementations. Through shared knowledge and services
departments and agencies continue to overcome challenges. A number of agencies are
using shared infrastructure and common procedures for providing public access to
publications and, consistent with the M-17-30 R&D priorities memo, which notes that
“agencies should maximize the coordination, promotion, and planning of their R&D
programs through the National Science and Technology Council (NSTC).”

Increasing Access to Publications

14 ADD CITATION
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In terms of increasing public access to scholarly publications resulting from federally-funded
research, agency efforts to date demonstrate the following:

Interagency collaboration can improve implementation. Collaboration allows agencies to
establish joint solutions (see sidebar “Implementing Public Access to Publications: The
Value of Interagency Collaboration”). Although agencies and scientific communities have
different needs with regard to the necessary
infrastructure, there is enough commonality that a
relatively small set of platforms is being used to
preserve and provide access to publications,
maintaining simplicity and usability for researchers
and end users.

Successful implementation of public access policies
leverages public-private partnerships. Private sector
publishers are actively supporting public access
policies in a number of ways:

O

DOE PAGES complements author and institutional
deposits of metadata and accepted manuscripts
with publisher-supplied metadata and links to full
text publications on publisher websites.

NIH’s PMC has agreements with more than 2,000
journals to submit all of their final published
content, or in some cases only NIH-funded
content, directly to PMC. More than 70% of
papers collected are done with active support
from the publisher.

The Smithsonian Institution (SI) developed
blanket contract addenda with its major
publishers for all published journal articles that
are authored by one or more SI employees,
expediting review and execution of publishing
agreements for a large portion of articles.

Public access can be accomplished without disrupting
existing avenues for scientific communication. For example, in May 2008, NIH's Public
Access Policy began to require peer-reviewed scientific papers to be available without
charge on the Internet 12 months after publication. Concerns that this policy would
undermine scientific publishing proved unfounded - from 2007 to 2011, the number of
biological sciences and agriculture journals as well as medicine and health journals grew
by 15% and 19%), respectively.?® Instead, publishers created new services around public
access, such as a system that aggregates article metadata from participating publishers --
this system is used by several agencies, including DOD, DOE, IARPA, the National Institute

152 0H Publis Access Polioy, 2012,

Implementing Public Access to Publications:

The Value of Interagency Collaboration

While more than 22 Federal agencies
have developed public access plans,
agencies are sharing infrastructure where
possible and collaborating on a handful of
systems. For example, 11 agencies make
use of the National Institutes of Health’s
(NIH) PubMed Central (PMC). DOE has
partnered with the National Science
Foundation (NSF), Intelligence Advanced
Research Projects Activity (IARPA), and
DOD to further leverage and customize its
Public Access Gateway for Energy and
Science (PAGES) infrastructure for use by
those agencies. These agencies are
developing a multi-agency portal for
submitting articles to their systems. Both
the National Oceanic and Atmospheric
Administration  (NOAA) and the
Department of Transportation (DOT) are
making use of the Centers for Disease
Control and Prevention’s (CDC) Stacks
system. This experience indicates that a
small set of platforms can support a large
number of agencies with common
approaches and needs.
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for Standards and Technology (NIST), NSF, SI, United States Department of Agriculture
(USDA), and USGS.

e Interoperability with existing systems can streamline procedures and minimize burden. A
number of agencies (e.g, NIH, NSF, SI) have successfully tied deposition of publications
into a public access repository with their existing award management and other systems.
In some cases, integrating a public access repository with existing systems can reduce
data entry and tracking burdens for investigators, and oversight burdens for agencies.
Many functions can even be automated.

e Public access to publications can be achieved without major costs. Agencies are
implementing public access within “existing budgetary resources.” For example, DOE,
USGS, and Sl rely on existing infrastructures that collect other forms of scientific and
technical information and made the incremental change of collecting final accepted
manuscripts. In other cases, (e.g., NSF) public access implementation costs were
minimized by leveraging existing infrastructure at DOE (see sidebar). While there are
costs involved, for some agencies, those costs have not been large, especially when
measured against the investment in research.

¢ Researchers can comply with agency policies. NSF requires the deposit of journal and
juried conference publications as part of a Principal Investigator’s annual/final report,
making compliance follow naturally from existing business processes. The NIH
experience with public access to publications, wherein publications are required to be
publicly available on the internet within 12 months, has a compliance rate of 88% over its
more than 10-year history, suggesting that post-award compliance is a reasonable
expectation. One reason for this behavior is that compliance is public, and scientists must
cite these works in applications for new NIH funding.

Increasing Access to Data

With respect to data and the preparation of data management plans, agency experience to date
demonstrates that:

¢ Data management plans are an important tool for agency stewardship of data resulting
from Federal research funding. Agencies that began receiving data management plans
for new research projects'® have found that researchers are starting to submit stronger
data management and sharing plans over time. Additionally, those agencies are finding
that the plans improve communication between the researcher and the Federal funding
agency about the disposition, planning, and support for data arising from a project. A
plan that includes components for both management and sharing of data requires
investigators to think through issues such as long-term preservation of data, data
distribution, and limitations (if any) on data access and use.

¢ Data management plans must balance common elements against discipline-specific
needs. Expectations for the specific content of data management plans vary across

16 For information on the implementation dates of Federal agency policies for data management plans, see
https://’www.science. gov/publicAccess. html#AwardDates
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disciplines and across agencies. The NSF and DOE experience with data management
plans, dating back to 2011 and 2015, respectively, demonstrates that practices of the
various scientific disciplines differ considerably. Specifically, plan evaluation by
scientific domain experts during the proposal review process is critically important.
Nevertheless, agencies identify similar categories of content to be included in data
management plans and make use of good practices and materials developed by other
agencies to improve consistency across agencies. Some, such as the NSF, developed
agency-wide guidance that individual directorates and divisions (within directorates)
then interpret and implement, while adding their own discipline-specific guidance, to
meet the specific needs of their research communities.

¢ Sharing interim data is beneficial in some circumstances. Accessible, quality interim data,
in addition to final data, are essential to rapid response in emergencies. Particularly in
health crises where time is a valuable resource, the sharing of interim-data can save the
lives of Americans and people globally. Two examples from the CDC are the outbreak of
Elizabethkingia anopheles,'” and the sharing of provisional of data on the Zika
outbreak.’® Similarly, preliminary, near-real time data from the USGS associated with
earthquake intensity, location of volcanic ash plumes, and flooding of rivers and
streams are essential to public health and safety when associated natural disasters
occur.

¢ Privacy and confidentiality can be protected, while allowing for meaningful sharing of
data. Even in situations involving personally identifiable data where privacy and
confidentiality must be protected, meaningful sharing of data is still possible. For
example, NIH developed effective approaches for allowing researchers to reuse
individual level genomic data while protecting patient privacy.!® Likewise, in 2005, CDC
developed an early warning system for potential tuberculosis outbreaks based on
research from actual case reports. This system is useful in identifying outbreaks and
tracking trends, while maintaining privacy and confidentiality.2¢

¢ A combination of public and private-sector repositories can support data preservation
and access. Data preservation and access makes use of a diverse set of publicly- and
privately- supported data repositories. Many Federal agencies created or contracted
with (or externally funded the creation of) effective data repositories that store data
resulting from their funded research. Many private sector solutions (institutional, for-
profit and nonprofit; discipline-specific and multidisciplinary) also exist and can
provide long-term data preservation, access, and discovery capabilities. Given the
diversity of data types generated by federally-funded research, a combination of public
and private-sector repositories will likely become part of the solution to data
preservation and access needs.

"CE Figueroa Castro, et al, Elizabethkingia anophelis: Clinical Experience of an Academic Health System in
Southeastern Wisconsin, Open Forum Infectious Discases 5(4), April 2018.

18 Syatement on Data Sharing i Public Health Emereencics, The Lancet. Available online at

http://www thelancet. com/campaigns/zika/statement

19 See httpa//edommbegision sov//20 142038 https:Yermis nihoso/orams/onide/motice-Tlesy/MOT-00-14-124 bl
20 GMindra, M Wortham, MB Haddad, and KM Powell, “Tuberoulosis cuibreaks in the United Siates, 2005-20187
Public Health Reports. 2017:132(2),157-163.
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¢ Data can be preserved and made accessible over the long-term with time-limited funding.
Many repositories ensure long-term preservation with a one-time deposit fee, which is
reimbursable from a Federal research grant. Nevertheless, there is still great diversity
among agencies about how researchers should address the need to provide for long-
term data preservation and which repositories are most suitable. Some agencies offer
explicit guidance about particular repositories to be used, while others provide more
general guidance to assist awardees in selecting repositories. Federal agencies should
consider offering guidance to awardees for including provisions in data management
plans regarding necessary standards for repositories and addressing compliance
challenges associated with data meant to be long-lived.

¢ Public access to data is more challenging than for publications. Digital data sets are much
more heterogeneous than publications, and therefore more technically difficult to
curate and share. A number of important remaining challenges are noted here:

o Appropriate incentives are needed to promote culture change. Datasets are
standalone research products that are valuable in their own right and which
researchers are accustomed to retaining. Federal agencies are encouraging a new
norm, that this scientific data should be shared as consistent with agency
mission. This cultural change requires incentives that help credit and reward
investigators for sharing their data. Clear incentives will simplify implementation,
improve compliance, and reduce oversight efforts.

o Cost-effective approaches are needed to provide long-term preservation of, and
access to, data. Most successful models for data repositories depend directly or
indirectly on Federal funding. The ability of agencies to document, clean, preserve,
and curate research data is therefore limited by agency budgets. Implementing long-
term preservation, discovery, access, and curation for data is likely to be costlier
than for publications and will demand cost-effective approaches to identify valuable
data and support its preservation and accessibility.

o standards must be developed and widely adopted to improve the consistency of
data collection, description, and preservation. Data sharing could become much
easier with the development of consistent common data elements for data
collection, standard formats for representing specific data types, standard metadata
to improve discoverability of dat. Standards are also needed to assist with quality
assurance and quality control, and protect against misuse of published data (i.e,
intentional falsification or fabrication).

o Data sharing and usage expertise vary among disciplines. Disciplines vary in
their experience with data sharing, and not all disciplines are yet prepared to
manage or share their data effectively. Departments and agencies may need to
facilitate resource and tool development, training, interdisciplinary
collaboration, and other efforts to foster a culture change and bridge the
expertise gap.
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o Data discoverability remains a challenge. Even as agencies and non-Federal
entities establish data repositories, tools for data discovery are lacking in many
scientific disciplines. A number of disciplines have capable tools for data
discovery, while others are actively engaged in improving resources in this area.

ITZ. OCpporbunities to Advance Open Sclenos

Federal agencies are making significant strides with public access. Despite this, open science
continues to offer new opportunities to increase the impact of Federal investments in research.
While it is essential that Federal agencies work together, individual agencies need to determine
which specific objectives to pursue, taking into account their different missions, operational
contexts, available resources, and stakeholders’ needs. Additionally, there are opportunities for
coordinating efforts among Federal agencies and collaborating with the private sector.

1. Increase the Availability and Timeliness of Narrative Research Products
Recent efforts to provide public access to peer-reviewed publications resulting from
federally-funded research, not more than 12 months after the date of publication, are
making considerable contributions to the scientific community. Agencies can build upon
these efforts by accelerating the timetable for making publications available to the public
and by enhancing access to a wider range of written, narrative research products resulting
from federally-funded research. Opportunities to consider include:

» Reducing the embargo period for peer-reviewed publications authored solely by
Federal employees to be less than 12 months.

e [dentifying scenarios where publications may warrant shorter embargo periods (e.g, to
facilitate responsiveness to public health epidemics or other national emergencies).

o Identifying opportunities to increase public access to peer-reviewed publications that
were published before Federal agency public access policies went into effect.

¢ Enhancing access to Federal agencies’ technical reports and narrative research products
other than peer-reviewed publications.

e Exploring opportunities for the responsible sharing of preprints to speed research
dissemination, recognizing that preprints are not been peer reviewed, that their use
varies considerably across scientific disciplines, and that they may need internal agency
clearance before being made publicly available.?!

2. Increase the Availability and Timeliness of Access to Scientific Data

2 Preprints are complete drafts of written research reports in the format of articles which have not yet been peer
reviewed, increasingly made publicly available through established preprint repositories. See

bttps/Awww, sstue comdsearch?g=preonings and hitp Yscamchscicncomag orgTa=prcprints for additional
information.
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Agencies continue to make progress in implementing policies for data management plans.
Many opportunities remain to improve the availability and timeliness of access to scientific
data, including:

e Working together and with non-Federal partners (in the public and private sectors) to
develop the infrastructure needed to provide long-term preservation of, discoverability
of, and access to scientific data.

e Strengthening incentives-and removing disincentives-for effective data management
practices to help instill a culture that rewards and recognizes broader use of scientific
data. Agency mandates to researchers regarding data management and sharing are a
necessary, but insufficient, condition for success.

e Developing and promulgating methods for mitigating risks associated with privacy,
security, and confidentiality when sharing scientific data.

» Assisting researchers in identifying suitable repositories for storing data arising from
their work (e.g, by identifying best practices for repositories that store data resulting
from federally-funded research).

¢ Continuing to improve access to Federal data sets that can be used in research (in
addition to those resulting from research), such as data from Federal statistical
agencies, scientific collections, and monitoring and instrument programs.

3. Increase Access to Other Research Products
Open science efforts to date have focused largely on increasing access to scholarly
publications and scientific data. Other research outputs could also be made more accessible,
such as:

e Providing access to research protocols (i.e,, documents that describe the methods to be
used in specific research studies, such as clinical trials) before studies are completed
can reduce unintended duplication of research and increase rigor. Access to protocols
after the studies are completed can enable further interpretation of the results, provide
contexts for secondary use of the scientific data resulting from the studies, and enable
systematic replication.

e Increasing access to software and code developed through federally-funded research,
and/or other outputs that are necessary to use, analyze, or interpret shared data.

4. Improve the Systems for Making Research Products Public

Federal agencies have developed a number of systems to provide access to publications and
data resulting from its funded research. By improving those systems, agencies could
simplify procedures for researchers to make their publications, data, and other research
outputs more accessible, while also allowing users to more easily find, access, and use those
materials. Efforts could include:
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o Identifying and implementing technical and administrative approaches to simplify
procedures for researchers to provide public access to manuscripts/articles and to
scientific data in different systems and under different Federal agency policies.

e Improving user interfaces and providing documentation that will enable better
understanding and use/re-use of research products.

e Using effective approaches to link narrative research products and associated data sets,
as well as different data repositories, in order to: facilitate search, access, and citation of
data; improve research reproducibility; and assess the success and value of data
openness.

¢ Improving both machine- and human-driven discovery across agency-designated
publication and data repositories via application programing interfaces (APIs),
federated search tools (e.g., Data.gov, Science.gov), and other innovative approaches.

e C(Creating metadata more efficiently to enable faster throughput in processing materials
and better discovery. Robust metadata are essential for discovery and usability of the
product, especially for non-textual materials, such as data sets, software, and artifacts.

e Offering guidance to researchers on how make their research products easier to use
through techniques such as documentation standards, repository selection criteria, and
use of persistent identifiers.

5. Lower Barriers to Effective Use of Open Science Content
Federal agencies can take steps, individually, collectively, and in collaboration with other
stakeholders, to make open science content more usable and to unlock its full potential to
contribute to economic and societal objectives. Agencies could consider:

o Identifying innovative strategies to fuel open science initiatives, including approaches
like crowdsourcing, citizen science, and challenge and prize mechanisms, as well as
partnerships with the scientific community, publishers, libraries, and other
organizations.

e Supporting community-based efforts to develop standards for data and metadata,
adopting community-based standards in Federal systems, and promoting their use by
funded researchers.

e Encouraging use of persistent identifiers for publications, data, scientific collections,
specialized equipment, labs, and facilities, and other resources utilized for research
projects to enhance metadata, enable linking, and provide history of studies and
analyses. Converting narrative research products into machine-readable formats so
that computers can help facilitate dissemination of science and increase the impact of
federally-funded science.

e Broadening access to peer-reviewed publications through different licensing
approaches, investigator incentives, and/or partnership with publishers.
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e Promoting approaches to improve data quality and data documentation (e.g,
community standards, open metadata, training, and workforce development).

¢ Promoting the release of interim data during national emergencies to spur
collaborations and innovative solutions (e.g, releasing interim public health data to
advance American health).

e Encouraging the private sector to leverage open science content and their downstream
application in science and other sectors of the economy. Federal agencies could open
opportunities for the private sector to apply new technologies to research outputs and
develop value-added services to build on existing Federal resources.

6. Develop Better Metrics and Measures
Agencies are working to improve ways to measure the impacts of Federal public access
efforts. Opportunities to enhance these efforts include:

e Identifying approaches to measure progress in increasing access to narrative research
products, scientific data, and other research products.

o Identifying approaches to enable, encourage, and characterize compliance with agency
public access requirements for peer-reviewed publications and data.

e Supporting research to improve evaluation of open science across Federal agencies and
the institutions and infrastructure that they fund, as well as on the research enterprise,
entrepreneurship, and the economy.

¢ Identifying approaches to use persistent identifiers to enable measurement of the use
and impact of research outputs.

%Y. Recommendaztions

Many opportunities exist to advance open science in ways that support the missions of Federal
agencies and national R&D priorities. The IWGOS recommends that priority be given to three
areas: (1) creating incentives to foster a culture change that recognizes and rewards open
science practice; (2) developing interagency best practices, guidance and standards for open
science, with a particular focus on data access; and (3) facilitating interagency and public-
private collaborations to further realize the benefits of open science. More specific approaches
for addressing these priorities are outlined below.

1. Agencies should help incentivize open science practices. Open science is a relatively new

concept for the Federal government and many of the scientists it funds and supports.
Federal agencies should collaborate with other stakeholders to identify and strengthen
incentives for practicing open science and making the results of federally-funded
scientific research more easily accessible and usable. The IWGOS recommends that
Federal agencies:
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e [dentify ways to incentivize culture change for open science among federally-
funded researchers (e.g, requiring data management and sharing plans,
incentivizing the research community to understand the benefits of open science
and receive credit/attribution for open science activities). Incentivizing a culture
change that promotes open science practices may include recognizing data sets as
important, standalone scientific products and as evidence of scientific excellence;
rewarding openness in the evaluation of individual scientists’ performance; and
identifying metrics to measure the impact of shared data on work by other
scientists.

e [dentify ways to incentivize the private sector to develop tools that support open
science. Such tools could improve data discoverability and sharing, facilitate text
mining, and provide information infrastructure for data storage and access. The
private sector is making tremendous strides in data science and agencies can help
focus some of that effort on scientific research data. Incentives like public-private
partnerships, prizes, and challenges may help publishers, innovators in machine
learning and artificial intelligence, and research funders to contribute toward more
effective and open science. These incentives could promote the use of, for example,
common APIs to publications, data, and software collections. These interoperable
APIs could then be used to create virtual, compatible, aggregated collections
amenable to large-scale text and data mining applications.

2. Agencies should facilitate the interagency development of best practices, guidance and

standards on open science, with a particular focus on data access. Agencies are making
substantial progress in advancing open science by enabling public access to both

publications and data. There are still numerous opportunities ahead to improve public
access to publications and other types of research outputs (e.g., software and
protocols), but the primary near- and medium-term challenges lie in sharing data.

Agencies have many opportunities to work together to increase the benefits and reduce
the burden of data preservation and access. Agencies should continue to work together
to:1) refine expectations and guidance for data management and the selection of data
repositories; 2) improve and refine approaches to protecting privacy; and 3) improve
consistency of policies and practices across Federal funding agencies, philanthropic
organizations, and international funders. In addition, agencies should encourage
continued improvement in the quality, documentation, versioning, and provenance of
shared data. The IWGOS recommends that Federal agencies:

o Accelerate efforts to create joint solutions for common data sharing challenges. By
connecting agencies working on same or similar research areas or disciplines,
seeking consistent approaches to the development of data repositories, discovery
tools, and compliance monitoring public access becomes more uniform and thereby
easier to navigate and use by both investigators and the end user.

e (oordinate their efforts to provide guidance to researchers for selecting suitable
repositories for federally-funded research data.
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o Recognize the importance of data standards and coordinate efforts to work with
relevant communities to identify, develop, promulgate, and encourage the use of
standards for data and metadata that facilitate data connectivity, interoperability,
and reuse across agencies.

e [mprove efforts to make digital data more discoverable and accessible via the use of
persistent identifiers for research objects, researchers, and research organizations.
Such identifiers are key to interlinking related research objects and to supporting
open science and reproducibility.

3. Agencies should facilitate interagency and public-private collaborations to further realize
the benefits of open science.,

e Federal agencies should continue to formally meet to discuss open science. To
bolster efforts toward open science, Federal agencies must address issues of
research culture, incentives, infrastructure, policy, and more. IWGOS agencies are
addressing these challenges through their open science policies, while pursuing
common objectives tailored to their specific missions and research communities.
Some challenges are common to all disciplines and shared approaches can reduce
training and administrative burden. IWGOS recommends Federal agencies continue
to meet regularly to address issues such as policy harmonization, burden reduction,
implementation, measurement, infrastructure, and emerging opportunities to
promote open science. IWGOS also recommends stronger collaboration with other
Federal working groups addressing related topics. These include working groups
that coordinate Federal-wide research initiatives in specific domains of science (e.g,,
materials science, microbiome research, and arctic research) and working groups
on cross-disciplinary topics such as open data, data science, scientific collections,
and technology transfer.

e Fngage all stakeholders to fully realize economic and social benefits of open science,
Successful implementation of open science policies and practices will require close
collaboration with stakeholders outside the Federal government. Important
partners include the academic and non-profit sectors, businesses and
entrepreneurs, and international partners.

o Public, nonprofit and academic partners. Federal agencies should work closely
with the academic community to ensure that open science policies and practices
are understood by the research community and practical to implement.
Universities also have ambitions related to open science and are developing
supporting infrastructure and policies. Such efforts should be coordinated as
much as possible with Federal efforts. Federal agencies will need to partner with
universities, scientific societies, and other stakeholders in the scientific
community to help establish incentives for open science that recognize and
reward the practice of open science.

o Businesses and entrepreneurs. Realizing the full economic and societal potential
of open science requires participation beyond the scientific research community.
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Other sectors of the economy have made great strides in pushing knowledge to
targeted audiences, data mining, and collaboration and networking tools.
Commercial investment in these areas often dwarfs Federal investment. Federal
science agencies could enhance their impact by engaging knowledge
management solutions, and their associated private investment, to focus on
research products. Agencies could also work on the standards, infrastructure,
and other technical details to ensure federally-funded open science products are
attractive resources for the private sector.

o [International partners. Because scientific communities span national borders,
international engagement can advance open science. Open science in other
countries can help U.S.-based researchers gain better access to global
knowledge. Many countries are seeking innovative solutions for data
preservation and access, incentive systems that reward open science practices,
and approaches for developing needed skills in the scientific workforce. Federal
agencies can promote the international adoption of open science practices that
support American interests. Federal agencies should continue to participate in
international fora to help identify good practices, standards, and opportunities
to align initiatives around American policies, and leverage the solutions (e.g,,
technical, operational) that emerge from these efforts.

Steps such as those outlined above can help achieve the promise open science offers to
accelerate research, development, and innovation for American prosperity.
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